Interposition is usually defined'-3 as the cue for the perception of the relative distances of two objects that results when one object partially obscures or overlaps the outline of another object. Such a definition is not satisfying, for it appeals to an unknown factor: the basis for discriminating between the object that obscures and the object that is obscured.
Brown4 describes the cue in terms of completeness of outline: "We therefore perceive objects which are complete in outline as placed in front of similar objects which are incomplete." If it is added that knowledge of completeness of outline is' a function of past experience, then Brown's specification of interposition becomes valid, albeit not fruitful. However, it probably does not apply in cases where there is no familiarity with the objects outlined; yet cues for relative position may remain in these cases.
Helmholtz,6 in 1866, pointed out that even with objects whose forms are unfamiliar, "the mere fact that the contour line of the covering object does not change its direction where it joins the contour of the one behind it, will generally enable us to decide which is which." Helmholtz's specification is given in terms of essential stimulus characteristics, and it is the writer's belief that the statement specifies the cue in all cases, not merely when the objects are unfamiliar. The purpose of the present account is to state Helmholtz's description precisely and to point out some of its consequences.
Consider a projection of figures onto a plane perpendicular to the visual axis such that the nodal point of the eye is the point of projection. In such a perspective transformation all objects will be represented by simple closed curves. (Without any loss in generality only two figures will be treated here; the same reasoning may be extended to apply to any number of objects.)
A necessary condition for interposition to become effective as a cue is that the curves of the two objects in the plane of projection have a common boundary. A point at which the boundaries of the curves meet will be called a point of intersection. Clearly there will be two points of intersection for a common boundary.
PSYCHOLOGY: P. RATOOSH
Helmholtz's specification implies that the behavior of the functions represented by the closed curves at the points of intersection alone determines which object will be seen as nearer. More specifically Helmholtz's assertion may be taken to indicate that continuity of the first derivative of the object's contour at the points of intersection is the sole determiner of relative distance. (A first derivative f'(x) of a function f(x) is continuous at a point p if and only if for any e > 0, there exists a 5 such that If'(x) -f'(P)I < e in the interval jx -pl < 5.)6
Examples of the operation of interposition as a cue for the perception of relative distance. A and B give obvious cues. The cues in C result in an ambiguity.
This formulation predicts that what happens at one point of intersection is independent of what happens at the other. That is to say, both points of intersection may give the same cue, both may offer no cue, only one may give a cue, or each may provide a cue which contradicts the other. If, at a point of intersection, the contours of both objects are the same with respect to continuity of their first derivatives, no cue will be provided at that point of intersection; if this occurs at both points of intersection, interposition will afford no cue for the relative distances of the two objects.
The cases in which interposition provides a cue may be classified in the following manner:
Case I. One boundary's first derivative is continuous at both points of intersection; the other boundary has a discontinuous first derivative at both points of intersection. This case is illustrated in figure 1 (A) , in which the PSYCHOLOGYY: P. RATOOSH figure whose boundary has a continuous first derivative at the points of intersection, i.e., the left-hand figure, is seen as nearer; the figure whose boundary has a discontinuous first derivative, i.e., the right-hand figure, is seen as farther away. In figure 1 (A) , the same cue is provided at both points of intersection.
Case II. One function possesses a continuous first derivative at one point of intersection and a discontinuous one at the other, while the other function's first derivative is discontinuous at both points of intersection. This case is shown in figure 1 (B) . Here the point of intersection at which both first derivatives are discontinuous, point a, gives no cue. However, at point b, one function (that represented by the outline of the right-hand figure) has a discontinuous first derivative, and the other function (that represented by the outline of the left-hand figure) has a continuous first derivative. Thus, the left-hand figure is seen in front of the right-hand figure.
Cases I and II give familiar illustrations of interposition. Case III. The first derivative of each function is continuous at one point of intersection and discontinuous at the other, and each derivative is continuous at that point of intersection at which the other is discontinuous. This case is illustrated in figure 1 (C) . Here a cue is provided at each point of intersection, but the two cues contradict each other. The point of intersection at c indicates that the right-hand figure is nearer, while that at d indicates that the left-hand figure is nearer. Thus, the resulting cues are in conflict.
Summary.-Helmholtz's specification of interposition is reformulated. It is asserted that: (1) interposition can provide a cue only at the points where the outlines of two objects meet; and (2) the object whose contour possesses a continuous first derivative at those points will be seen as nearer than an adjacent object whose first derivative is discontinuous at those points. Some consequences of this formulation are discussed.
